ABSTRACT: Benthic macrofauna communities were sampled with their 'undisturbed' sediments from 2 soft-bottom sites on the Swedish west coast. At one of the sites the top sediment had a positive redox potential (Expt 1) and at the other the sediment was comparatively more reduced close to the surface (Expt 2). The benthic communities at these 2 sites were each exposed to 3 treatments of oxygen concentrations: (1) normoxia (>8.0 mg I-', >90% oxygen saturation), (2) moderate hypoxia (-1.0 mg I-', 12% oxygen saturation) and (3) severe hypoxia (-0.5 mg I-', 61G oxygen saturation). Redox potential profiles in the sediments showed a significant increase with time under normoxic conditions, whereas they showed an overall decl.ine with t~m e In moderate and severe hypoxia. The number of individuals and species at the 2 field sites did not d~ffer significantly from corresponding numbers In the experimental normoxia (laboratory control) at the end of those experiments In Expt 1 survival of the number of individuals was reduced in severe hypoxia compared to in moderate hypoxia and normoxia. The number of species was significantly reduced between all treatments. In Expt 2 community abundance and the number of species were significantly reduced in moderate and severe hypoxia compared to normoxia. Behaviour of dominant specles is described: in general they left their position in the sediment (for Pectinaria korerli with t h e~r tubes) and occurred at the sediment surface in the moderate and severe hypoxic treatments. Comparison of the results of Expt 1 with those of Expt 2 suggests that the comparatively more reduced sediment in Expt 2 resulted in a greater negative response, implying the significance of sediment conditions for benthic macrofauna response to hypoxia.
INTRODUCTION
Seasonally dependent hypoxia or anoxia is today a world-wide problem in many stratified bottom waters (Officer et al. 1984 , Rosenberg & Loo 1988 , Degobbis 1989 . This problem has been accelerated with an increased input of nutrients during the last decades (Rosenberg 1985 , Rosenberg et al. 1990 ). Benthic field studies have shown that an oxygen concentration of ~0 . 7 mg 1-' in bottom water, prevailing for several weeks, could reduce benthic macrofauna and significantly affect the structure of benthic communities (Rosenberg et al. 1992) .
Experimental studies and field observations have shown a wide variation in hypoxic and anoxic tolerance of benthic species (Henriksson 1969 , Theede et al. 1969 , Jsrgensen 1980 , Rosenberg et al. 1991 . Differences may also be found between related species and have been suggested to be a consequence of metabolic rate and feeding behaviour (Amphiura spp. and Abra spp.; Rosenberg et al. 1991) and of the ability to withstand hydrogen sulphide (Nereis spp.; Theede et al. 1973 , Vismann 1990 .
High concentrations of sulphide (up to 10 mM) may be found at a few mm or cm depth in marine sediments (Fenchel & Riedel 1970) , and in reduced conditions the sulphide zone may extend up into the sediment-water interface and affect the fauna in the top sediment. The different tolerance of species to H2S, anoxia or hypoxia makes them react in various ways to avoid or to cope with such conditions (Shick 1976 , J~r g e n s e n 1980, Meyers et al. 1988 , Rosenberg et al. 1991 , Vismann 1991 , Miron & Kristensen 1993 .
Declines in bottom-water oxyqen concentrations seasonally dependent hypoxia (Jsrgensen 1980 ) and in (see Fiq. 1) oxygen penetrates into the sediment. Dissolved oxy-
I -I
permanently stagnant water bodies (Rosenberg et al. gen generally extends only a few mm beneath the sediment surface (Revsbech et al. 1980, Revsbech & J~r g e n s e n 1986).
Little is known about the interaction between sediment chemistry and faunal reactions during hypoxic conditions. In this study we report on benthic macrofaunal response to hypoxia in 2 different benthic communities. Macrofaunal survival and behaviour were studied in relation to different oxygen concentrations in the water and changing redox potentials in the sediment in their natural sediment. This is to our knowledge the first time that such hypoxic experiments have been conducted with 'undisturbed' benthic infaunal communities. In the first experiment the fauna was collected at a site where the top sediment had a positive redox potential. In the second experiment the sediment was comparatively more reduced close to the sediment surface and black below. 
MATERIALS AND METHODS

Treatment
Mean oxygen concentration mu I-' r SD ' C, Air sat kPa Expt 1. A total of 24 'undisturbed' HAPS cores (0.012 m' ; Kanneworff & Nicolaisen 1973) with fauna and sediment were taken at 28.5 m depth (below the halocline) in the outer part of Brofjorden, western Sweden, (58" 20.3' N, 11" 21.6 6 PVC aquaria (56 X 36 X 40 cm), 3 in each, and 6 cores were used as a field control. These latter cores were immediately sieved through a 1 mm sieve and the remains were put in 70 % ethanol for later sorting. At sampling, oxygen, temperature and salinity were 7.8 mg 1-l, 4.8"C and 33 psu. Two aquaria were randomly selected for each of the 3 oxygen treatments: normoxia (-8.2 mg I-', control), moderate hypoxia (-1.0 mg 1-l) and severe hypoxia (-0.5 mg I-') ( Table 1 ). The total experimental time was 21 d and hypoxic conditions were reached after 13 d (Fig. 1) . All aquaria were filled with 50 l unfiltered deep-sea water and 10 % of the water was exchanged every week. Water was circulated by an external pump at 3.0 1 min-' in the hypoxic aquaria or constantly bubbled with air in the normoxic aquaria. The water surface was covered with a floating plastic cover to decrease diffusion of oxygen. indicate times of redox potent~al r e a d~n g s 1 cm above the sediment surface. Every 12 h the faunal behaviour was observed at the sediment surface, and oxygen concentrations were regulated by bubbling with pure N2 gas or with air in the hypoxic aquaria. The experiment was performed in darkness and no extra food was added. Redox potential (Eh) was measured on 3 occasions (Fig l ) in all cores, with a platinum electrode 0 1.5 mm (Microelectrodes, Inc. MI-800-412) from the sediment surface down to 3 cm sediment depth. The electrode was mounted on a stand and slowly moved d.own in 0.5 cm steps; readings were done after 30 S. Methods and calculations of Eh were done after Fenchel(1969) .
Organic content of the sediment was estimated as loss of ignition after drying in 70°C to constant weight and subsequent burning for 3 h in 500°C.
Expt 2. Expt 2 (Table 1) followed the procedure described for Expt 1 except for the following. Forty HAPS cores were sampled at 10.5 m depth (above the halocline) south of Lysekil fishing port (58" 16.5' N, 11" 26.8' E) on 10 September 1993. Thirty of these cores were randomly divided into 6 PVC aquaria, 5 in each, and 10 cores were used as a field control. At sampling, oxygen, temperature and salinity were 8.2 mg I-', 14.2 "C and 26 psu. Aquaria were filled with 50 1 unfiltered surface (6 m) sea water. The experiment lasted for 14 d and hypoxic conditions were reached after 8 d (Fig. 1) . Redox recordings were done from 0.5 cm above the sedi- was assessed with a computer-aided graphic method (NIH image 1.50 for Macintosh con~puters).
Severe hypoxia
Statistics. Differences in abundance, (Underwood 1981) . Analyses for differences in organic content between field control and ing the sediment. At the end of Expt 2 all cores in treatments were done with a l-way ANOVA. Multiple hypoxic treatments were covered with Beggiatoa spp.
comparisons of means were made with a Studentmats, with up to between 50 and 100% of the area Newman-Keuls (SNK) test. Homogeneity of variances covered. No notable changes were observed at the was examined using Cochran's C-test (Snedecor & sediment surface in the normoxic treatment in either Cochran 1967) and heterogeneity was removed by x0
Expt 1 or Expt 2. transformation.
Redox potential RESULTS
Sediment surface
At the end of the experiments no significant [ANOVA, p > 0.25, degrees of freedom (df) = 3,4] differences were found in the loss of ignition between the field control and any treatment in either of the 2 experiments. In the hypoxic treatments in Expt 1 the sediment surface had signs of activity from animals escap- 
Field control
The sediment from Brofjorden used in Expt I was a silty mud with rather high loss of ignition, 10%. The benthic macrofauna was numerically dominated by the bivalve Mysella bidentata (37 %, 850 ind, m-') and the ophiuroid Amphiura filiformis (14 %, 316 ind. m-2), followed by Arnphiura chiajei, the polychaetes Diplocirrus gla ucus, Nephtys incisa, Artacama proboscidea and Pholoe baltica, and the holothuroidean Labidoplax buskii, each making up about 2 to 5 % of the abundance. In total the 6 field control cores contained 165 specimens divided among 22 species, mostly polychaetes.
In the field control sample from Lysekil fish port used in Expt 2, loss of ignition was 6 %. The sediment was unconsolidated muddy clay smelling of H2S. The benthic community was highly dominated by 4 species, the echinoid Echinocardium cordatum (44 %, 408 ind. m-'), the polychaete Pectinaria koreni (26%, 242 ind. m-2), the opistobranch Philine aperta ( 1 7 % , 158 ind. m-') and the polychaete Nephtys hombergii ( 6 % , 50 ind. m-'). The 10 cores contained a total of 112 specimens divided among 7 species. In neither total abundance nor in number of species were significant (ANOVA, p > 0.25, df = 1,2) differences noted between the field controls and the normoxic treatments (control) at the end of Expts 1 and 2 (Fig. 3 ).
Survival
In Expt 1 a significant (SNK, p < 0.05, df = 2,3) decrease in total abundance was recorded in severe hypoxia compared with normoxia and moderate hypoxia. However between the 2 latter treatments no significant (SNK, p > 0.05, df = 2,3) difference was observed in total abundance (Fig. 3) . Number of species was significantly (SNK, p < 0.05, df = 2,3) reduced between all treatments, from a mean of 9.8 species in normoxia, to 6.8 species in moderate hypoxia and to 3.5 in severe hypoxia. Amphiura filiformis, Mysella bidentata, Artacama proboscidea and most other species of Polychaeta showed no or little mortality in moderate hypoxia. In severe hypoxia the abundance of each species was reduced by at least 35 "/o compared to the control.
In Expt 2 a significant (SNK, p < 0.05, df = 2,3) decrease in total abundance and number of species was recorded for both hypoxic treatments compared with normoxia. However, no differences were observed between the hypoxic treatments. All Echinocardium cordatum died when exposed to hypoxia (both moderate and severe) and almost all Philine aperta left the cores (see below) or died on the Mean total abundance core-' (0.012 mZ) ? S E and mean no. of species core-' ? SE in field control and the 3 treatments after finishing the experiments (Expt 1, n = 6 ; Expt 2, n = 10) sediment surface. Some specimens of Pectinaria koreni ( l 0 to 15 %) and of Nephtys hornbergii (12 to 17 %) died in the 2 hypoxic treatments. In normoxia no mortality was observed in these 4 species.
Behaviour
The behaviour of Amphiura filiformis in the hypoxic treatments in Expt 1 differed from the indiv~duals in normoxia when the oxygen saturation dropped below 22 % (Fig. 4) . They were all buried in the sediment up to that stage. In severe hypoxia half of the individuals had left the sediment when the water oxygen saturation reached 9.0% and all of them were on the sediment surface 5 d later. Large numbers of juvenile (< 1.8 mm oral width) Amphiura spp. (maximum 16 ind. core-') were observed on the sediment surface after the adult A, filiformis were found there. In moderate hypoxia, 38 % of the adult A. fjliformis were on the sediment surface at the end of the experiment. In normoxia all A. filiformis individuals showed suspensionfeeding behaviour in the water with 1 to 3 arms most of the time. No A. filiformis (n = 40, total number) were observed on the sediment surface in normoxia. In the hypoxic aquaria, the first Mysella bidentata was observed on the sediment surface 0.5 to 2 d after the first Amphiura filiformis had emerged (Fig. 4) . In moderate hypoxia proportionally the same numbers of M. bidentata left the sediment daily compared to A. filiformis. Bivalves in severe hypoxia emerged from the sediment at the same rate as A. filiformis, but with about 2 d delay. The first days after M. bidentata left the sediment they were active, crawling over the sediment or attaching themselves to the core walls. Only 2 M. bidentata were observed on the sediment surface in the normoxic treatment (n = 129). In Expt 1 all Labidoplax buskii had left the sediment within 2 d in both hypoxic treatments as the oxygen saturation reached 16% (Fig. 4) . In all observed cases these individuals left the sediment with their tentacles first. On the sediment surface they were idle and all died (n = 9) before the experiment was ended. In normoxia no specimens were observed on the sediment surface (n = 4). In Expt 2 the vertical position of Echinocardium cordatum in the sediment was recorded (Fig. 5) . Most urchins were small with a mean length of 10 mm. No size-dependent behaviour or mortality was observed. All urchins left the sediment before moderate hypoxia or severe hypoxia occurred. At first the urchins were active crawling at or on the sediment surface. Before the urchins died they all turned over on their backs. In normoxia all urchins were burrowed into the sediment during the experiment except at one observation when 5 individuals were seen (n = 28). The behaviour of Pectinaria koreni is illustrated in Fig. 6 . These worms gradually left their normal position in the sediment with their tubes visible above the sediment surface in an erect position. From Day 8 to Day 14 (Fig. 6) , as most of the tubes were protruding from the sediment surface, Beggiatoa spp. mats were found on several tube tips; however, the worms were still alive. Before the worms died the tubes with the worm fell and the animals seemed to try to leave the tubes. P. koreni appeared mainly in 2 size classes but there was no obvious correlation between size of the worm and behaviour or survival in hypoxia. In normoxia no worms left their normal position in the sediment (n = 26). In both hypoxic treatments most Philine aperta escaped from the sediment and later even from the cores, but were found in the aquaria at the end of the experiment. In moderate hypoxia most of these individuals were still alive, but in severe hypoxia only 2 individuals were still alive. In normoxia we occasionally observed 1 individual on the sediment surface (n = 13).
In Expt 2 Nephtys hombergii was the last macrofaunal species to leave the sediment, the first individuals appearing at the surface on Day 11. In moderate hypoxia 25% (n = 24) of the individuals left the sediment during the last 4 d and 1 2 % of these died before the expenment was ended. In severe hypoxia the corresponding numbers were 30 and 17 %, respectively (n = 21). No swimming behaviour was observed after the worms had left the sediment in either moderate or severe hypoxia, and no worms were found at the bottom of the aquaria. In normoxia no worms were observed at the sed~ment surface (n = 16).
DISCUSSION
Experimental design
In this study we observed the response of the macrofauna during hypoxia in their natural sediments and in relation to changes of the redox profiles. There are at least 2 main problems with natural benthic microcosm experiments: (1) the gradual decline of 'natural' conditions during experimental procedure and (2) the variance between replicates could be significant because of patchiness of organisms and sediment characteristics. In this study the results from field control cores were used as a reference against the normoxic treatment (laboratory control) to detect significant changes in the faunal composition between the start of the experiment and the end. In both Expt 1 and 2 no significant faunal difference between the natural community (field control cores) and normoxia was recorded, indicating that the experimental condition was close to 'natural'.
In this study the statistical analysis of differences in redox profiles was done after the area of the profile was graphically assessed to get a value for the whole measured profile. The nested design of the ANOVA allowed us to test the differences between replicates (Underwood 1981) and was used to test if the calculated areas were independent of the treatment effect. In both experiments the differences between replicates were low (ANOVA, p > 0.40, df = 2,3) when significant differences between treatments were observed. T h s verifies that the area was dependent on the treatments and the calculated area could be useful to detect differences in the redox potentials of sediment samples. Our conclusion of the experimental design in this study is that the natural benthic microcosm is a powerful tool to test the benthic response to hypoxia.
Redox potential
The vertical distribution of the redox potentials clearly shows the differences between the sediments used in Expts 1 and 2. The redox potential in the sediment followed similar trends in both experiments, increasing over time in normoxia and decreasing in hypoxia. The different oxygen concentrations in the water column and the likely difference in macrofaunal bioturbation and irrigation in the sediment are sug-gested as the 2 main conlponents influencing the change of the redox potential in the sediment in these experiments.
In the normoxic treatment, the mean redox potentials increased in Expt 1 by > 100 mV at 1 to 2 cm depth in the sediment, and in Expt 2 by up to -270 mV at 1.5 cm depth. These increases of the mean redox potential in both experiments are likely to be an effect of increased activity of macrofauna pumping oxygenrich water into the sediment. It has been shown that large (280 mV) periodical increases in redox potentials in otherwise anoxic sediments can occur as an effect of macrofaunal irrigation of the sediment (e.g. Callianassa subterranea ; Forster & Graf 1992) .
In Expt 1 in moderate hypoxia the redox potential decreased over time between all recordings but in severe hypoxia no further decrease of the redox potential was registered after the second recording. Presence of fauna and their metabolic activity for a longer time in the sediment in the moderate hypoxic treatments compared to in the severe hypoxic treatments may explain this difference. Redox potential measurements in defaunated sediments have been shown to differ slightly over time (Fenchel 1969 , Davis 1974 ). Fauna present in sediment during hypoxic periods is probably not able to notably oxidise the sediment because of lowered activity (bioturbation and irrigation) and because a shift from aerobic to anaerobic respiration will gradually occur in the sediment (de Zwaan & Putzer 1985) . A reduced irrigation down in the sediment will increase the chemical reduction in the sediment and probably be self-accelerating during hypoxic events, depending on when the fauna leaves the sediment.
In both the moderate and severe hypoxic treatments in Expt 2 the largest (> 250 mV) decrease in the redox potentials as recorded at the sediment-water interface. This was probably a consequence of the extension of the sulphide system accompanying Beggiatoa spp, up towards the sediment surface.
Survival and behaviour
According to previous experimental hypoxic studies, both with 'undisturbed' sediments (Rosenberg et al. 1991) and where disturbed sediment has been included (Vismann 1990 , Llanso' 1992b , most species leave the sediment in oxygen concentrations slightly higher than those inducing mortality of the species.
In Expt 1 the macrofaunal mortality rate was low in both nornloxia and in moderate hypoxia, but rather high in severe hypoxia. The number of species was, however, significantly reduced in moderate hypoxia compared to in normoxia. Similar responses have been recorded in the fleld at a station in the Kattegat, Sweden, in the autumn, especially in 1988, when several species died during hypoxic conditions (Rosenberg et al. 1992) . The experimental results in this study and the field study observations show that the structure of the benthic con~munity could change during hypoxia and that the mortality may be species-specific and related to small differences in oxygen concentrations.
In Expt 1 a coupling between the behaviour of the 2 dominant species Mysella bidentata and Amphiura filiformis was observed in response to low oxygen concentrations in both hypoxic treatments (Fig. 4) . This is probably a consequence of M. bidentata being associated with A . filiformis and occupying their burrows (Ockelmann & Muus 1978) . Thus, the bivalves probably left the sediment along with A. filiformis either as a result of their association, or because the oxygen conditions in the sediment became less suitable for them when A. filiformis had left. Ockelmann & Muus (1978) also observed the behaviour of M. bidentata during hypoxia and found no behavioural response to oxygen concentrations when maintained at > 0.5 m g 1 -l . In the present experiments the first bivalves left the sediment at 1.7 mg 1 -l . In a n earlier study by Rosenberg et al. (1991) half of the number of A . filiformis were found on the sediment surface at 0.6 mg oxygen 1-' compared to at 0.8 mg l-' in this study. The results in Expt 1 indicate that the response of the fauna during hypoxia could be dependent on interactions between species.
The first individuals of Echinocardium cordatum appeared on the sediment surface at the beginning of the hypoxic treatments in Expt 2 (Fig. 5) , and the rest appeared successively over the following days. During this period the oxygen saturation declined from about 90 to 10 % in both hypoxic treatments. Similar individual variation in behaviour response to declining oxygen saturations was observed in Pectinaria koreni (Fig. 6) and Nephtys hombergii (see below). These reactions may indicate variations in sediment and in addition be related to the position in the sediment and actual condition of these species. These lengthy reactions were in contrast to the 'threshold' responses observed for Amphiura filiformis in severe hypoxia in Expt 1 and in another similar experiment (Rosenberg et al. 1991) .
Nephtys incisa in Expt 1 and N . hombergii in Expt 2 stayed in the sediment during hypoxia longer than other species. This may suggest that these species are particularly tolerant to hypoxia. This agrees with earlier observations of N . hombergii, which can survive at least 5 d in pure artificial anoxic seawater, not shifting metabolic pathways from aerobic to anaerobic before oxygen saturation decreases to 1 1 2 % (Schottler 1982) . In another experiment 5 0 % of N . hombergii survived for 23 d in almost anaerobic conditions (10.2 m g 1 -l ) , whereas N. ciliata survived 1 1 d in the same tests [Fallesen & Jsrgensen 1991) . In Expt 2 the first individuals of N. hombergii left the sediment 3 d after mean oxygen saturation reached about 12 or 6 %. All individuals that left the sediment died l to 2 d later and were found dead on the sediment surface There was no difference between the hypoxic treatments. In Expt 1 N. incisa stayed in the sediment and was found in apparently good condition when the experiment was finished. The differences in response to hypoxia between N. incisa in Expt 1 and N. hombergii in Expt 2 suggest that the mortality of N. hombergii was induced by a combination of sediment conditions (sediment surface covered by Reggiatoa spp. mats) and low oxygen concentrations in Expt 2. This agrees with a study on the behaviour of Nereis spp., where those species showed a more rapid behavioural response when exposed to hypoxia and sulphide combined, compared to hypoxia alone (Vismann 1990) . No individuals of Nephtys hombergii escaped from the cores in hypoxic aquaria in Expt 2 despite the fact that they can swim. The late response of the Nephtys species in leaving the sediment in the present experiments may be related to these species' avoidance of exposure to predators at the sediment surface, which has also been suggested for Nereis spp. by Vismann (1991) .
In Expt 1 significant differences between moderate and severe hypoxia were observed In faunal survival and in changes of redox potential with time. No such faunal differences were observed in Expt 2. This implies that the community response is dependent both on the sediment conditions and on the oxygen concentration in the overlying water. The possible sulphide extension up to the sediment surface is dependent on sediment conditions (Fenchel & Riedel 1970) . Sulphide in hypoxic water has been shown to reduce macrobenthic survival more than in hypoxia alone, generally by about 20% in most taxa (Theede et al. 1969) .
The different temperature in the 2 experiments may be one reason for different reactions of the fauna, and the higher temperature in Expt 2 is likely to have increased the rate of the chemical processes and reduced the sediment more rapidly than in Expt 1 We therefore suggest that the differences between Expts 1 and 2 in faunal response to moderate hypoxia were dependent on the different depths of the redox potential discontinuity (RPD; Fenchel & Riedel 1970) and accompanying sulphide concentrations, and the differences in temperature.
Pearson & Rosenberg (1978) developed models of benthic faunal distribution (number of species, abundance and biomass) in relation to gradients of sediment organic enrichment a.nd water renewal rates. Data on redox potential measurements made during various degrees of organic enrichment, both in a sea loch in Scotland, UK, and in the laboratory, were later fitted to these models (Pearson & Stanley 1979) . These publications demonstrated gradients from totally anoxic sediments with no fauna at the highly enriched end to a rich and diverse fauna at the other end of the gradient where a positive redox potential was prevailing down to several centimetres.
Similarly, in a small bay in Sweden with a strong spatial gradient in sediment redox potential profiles, both meiofauna and macrofauna abundances were positively correlated with increasing positive redox potential distribution down in the sediments (Cato et al. 1980) . Benthic macrofauna in the Baltic has been shown to move upwards in the sediment accompanying a seasonally emerging RPD (Ankar & Jansson 1973) . Thus, the effects of declining redox profiles on the fauna in the present investigation agree with the findings above, and we have also shown that low redox conditions in the top sediment may 'push' the animals out of the sediment.
Several recordings in natural sediments in the field have shown a clear seasonally related vertical distribution of the RPD layer (Ankar & Jansson 1973 , Rosenberg 1977 , Pearson & Stanley 1979 . Such changes of reduced RPD profiles in the sediment are dependent on several factors such as high temperature, high organic enrichment, low water renewal and high total benthic respiration. When several of these factors occur simultaneously, the likelihood increases that the benthic infauna emerges upwards in the sediment and may eventually appear on the sedlment surface.
Conclusions
Based on the results in the present study and from benthic sampling in hypoxic areas in the Kattegat, Sweden (Rosenberg & Loo 1988 , Rosenberg et al. 1992 , the Chesapeake Bay, USA (Llanso' 1992a) , from SCUBA diving in the Limfjorden, Denmark ( J~r g e n s e n 1980) and from previous experiments [Rosenberg et al. 1991) , the following can be concluded. (1) Most macrofaunal species leave the sediment in hypoxic oxygen concentrations slightly higher than those causing mortality. (2) Small but critical changes in hypoxic oxygen concentrations in the water could have a significant effect on the mortality of the total macrofauna. (3) Hypoxic periods could significantly reduce the number of species in a community without significantly affecting total abundance. (4) Similar hypoxic oxygen concentration in the bottom water could have different effects on both mortality and behaviour in different communities, induced by d~fferent sediment characteristics. (5) Interaction between species could be of significance in the behavioural response during hypoxia.
